Tryptase, a protease produced by all mast cells, was evaluated as a clinical marker of systemic mastocytosis. Two sandwich immunoassays were evaluated, one which used the mAb G5 for capture, the other which used B12 for capture. The B12 capture assay measured both recombinant a-and .-tryptase, whereas the G5 capture assay measured primarily recombinant f8-tryptase. G5 binds with low affinity to both recombinant c-tryptase and tryptase in blood from normal and nonacute mastocytosis subjects, and binds with high affinity to recombinant ,B-tryptase, tryptase in serum during anaphylaxis, and tryptase stored in mast cell secretory granules. B12 recognizes all of these forms of tryptase with high affinity. As reported previously, during systemic anaphylaxis in patients without known mastocytosis, the ratio of B12-to G5-measured tryptase was always < 5 and approached unity (Schwartz L. B., T. R. Bradford, C. Rouse, A.-M. Irani, G. Rasp, J. K. Van der Zwan and P.-W. G. . In this report, most mastocytosis patients with systemic disease have B12-measured tryptase levels that are elevated (> 20 ng/ml) and are at least 10-fold greater than the corresponding G5-measured tryptase level. Most of those subjects with B12-measured tryptase levels of < 20 ng/ml had only cutaneous manifestations. The B12 assay for a-tryptase and ,3-tryptase, particularly when performed in conjunction with the G5 assay for j8-tryptase, provides a more precise measure of mast cell involvement than currently available assessments, a promising potential screening test for systemic mastocytosis and may provide an improved means to follow disease progression and response to therapy. (J. Clin. Invest. 1995Invest. . 96:2702Invest. -2710
Introduction
Systemic mastocytosis is a hyperplastic disease of mast cells (1, 2) . Target organs may include skin, liver, spleen, lymph nodes, bowel, and bone marrow. Several forms of the disease have been documented that vary in severity. Based upon a mastocytosis consensus conference, one classification scheme labels mastocytosis as indolent, that associated with hematologic disorders or aggressive (2) ; this being the classification used in the current study. The diagnosis of mastocytosis currently requires a tissue biopsy showing a pathologic increase in numbers of mast cells. Bone marrow biopsies in patients with systemic disease generally show characteristic lesions consisting of paratrabecular collections of spindle-shaped mast cells intermixed with fibroblasts, mononuclear cells, and eosinophils. However, in the face of mild, often nonspecific signs and symptoms, such as flushing, fatigue, intermittent diarrhea, or peptic ulcers in the absence of classical urticaria pigmentosa, clinicians often do not feel compelled to perform a bone marrow biopsy. Current treatment strategies are generally limited to treating the complications of systemic mastocytosis (peptic ulcers, itching, hypotension). There is no proven consistent therapy that will reverse mast cell hyperplasia (3) , and little progress has been achieved at lowering the mortality from aggressive forms of this disease.
Tryptase, a neutral serine protease, is selectively concentrated in the secretory granules of all mast cells (4, 5) , including mast cells found in skin lesions of mastocytosis (6) . Basophils are the only other cell type with detectable tryptase, but levels are several hundredfold lower than in mast cells, and represent a negligible amount (7) . Two immunoassays for measuring tryptase are currently in use in our laboratory and will be referred to as the G5 (8) and B12 (9) immunoassays. The G5 immunoassay used the G5 mAb for capture and the noncompeting G4 mAb for detection. With each immunoassay comparable levels of tryptase can be measured in serum or plasma during insect sting-induced systemic anaphylaxis, where levels correlate to the severity of the clinical reaction (9) (10) (11) . Tryptase in serum and plasma obtained from healthy control subjects is not detectable by the G5 immunoassay (< 1 ng/ml), whereas the B 12 immunoassay reveals that serum and plasma samples from normal subjects contain -5 ng/ml of tryptase. This suggests that a different form of tryptase is measured by the B 12 immunoassay.
In patients with biopsy proven systemic mastocytosis, -50% of the subjects have detectable levels of tryptase in plasma samples obtained during nonacute periods as measured with the G5 immunoassay ( 10, 12) . The current study compares tryptase levels measured by the two immunoassays in patients with systemic mastocytosis. As the data will demonstrate the B12 immunoassay reveals markedly elevated levels of tryptase in baseline samples of plasma from patients with mastocytosis compared to controls, and therefore should be considered as a screening test for mastocytosis. Evidence also is presented that elevated levels of plasma tryptase are measured by the B12 immunoassay relative to the G5 immunoassay because a-tryptase is detected only by the B12 immunoassay, and this is the predominant form of tryptase in samples of blood obtained at baseline.
Methods
Materials. BSA, Mes, Hepes, Tween 20, 5-bromo-4-chloro-3-indoyl phosphate (BCIP),' nitro blue tetrazolium (NBT), Coomassie brilliant blue, bromophenol blue, dithiothreitol, glycerol (Sigma Chemical Co., St. Louis, MO); alkaline phosphatase-conjugated streptavidin and Nglycosidase F (Boehringer-Mannheim Biochemicals Corp. Indianapolis, IN); sulfosuccinimidyl-6-(biotinamido) hexanoate (NHS-LC-biotin) (Pierce Chemical Co., Rockford, IL); serum-free Spodopterafrugiperda (Sf-9 cell line) and Sf-900 II serum free media for insect cell culture (SFM) (GIBCO BRL Life Technologies, Inc., Grand Island, NY); pVL1392 and pVL1393 (Pharmingen, San Diego, CA); and AcMNPV linear DNA Transfer Module containing linearized AcMNPV baculovirus DNA and cationic liposomes (Invitrogen Corp., San Diego, CA) were obtained as indicated. Antitryptase mAbs (G5, G3, G4, B12, and B2) and MPCl 1, an IgGI of unknown specificity, were prepared and purified as previously described (9, 13) .
Human subjects. All procedures used to obtain human specimens were approved by the Committee on Human Studies at Virginia Commonwealth University, the Human Subjects Committee of the University of Pennsylvania or the National Institute of Allergy and Infectious Diseases (NIAID) institutional review board at the National Institutes of Health and followed informed consent. Subjects with systemic mastocytosis were diagnosed and categorized using published criteria (2) . Subjects were divided into those with indolent mastocytosis (type I, n = 46), mastocytosis with an associated hematologic disorder (type II, n = 5), and aggressive mastocytosis (type III, n = 4). Those with aggressive mastocytosis exhibited mast cell hyperplasia, lymphadenopathy, splenomegaly, and eosinophilia and are anticipated to have rapidly progressive disease leading to death within 4 to 5 yr of diagnosis. Those with indolent mastocytosis were further subdivided into those with cutaneous disease alone (urticaria pigmentosa [n = 12] or diffuse cutaneous mastocytosis [n = 1]), and those with systemic disease and exhibiting mild (n = 3), moderate (n = 16), and severe (n = 14) clinical manifestations based on a single-blinded physician assessment of frequency and signs and symptoms. Signs and symptoms of attacks attributed to release of mast cell mediators included pruritus, flushing, nausea with or without vomiting, crampy abdominal pain with diarrhea, and dizziness to loss of consciousness. Also considered were constitutional signs and symptoms such as fever, weight loss, anorexia, and fatigue. The group labeled mild had attacks no more than once per week and had mild to no diarrhea, no dizziness or loss of consciousness and few, if any, constitutional signs or symptoms. The moderate group had attacks one to three or four times per week with signs and symptoms intermediate in severity between the mild and severe groups. The severe group had attacks daily to several times per week, and exhibited marked constitutional and anaphylactic signs and symptoms noted above. Six control subjects with diseases other than mastocytosis or chronic urticaria were examined, including one each with AIDS, eosinophilic gastroenteritis, idiopathic anaphylaxis (nonacute), active atopic dermatitis, chronic myelomonocytic leukemia, or hypereosinophilic syndrome. Plasma was obtained from blood collected during nonacute periods (except where noted otherwise). Nonacute mastocytosis is defined as a time when signs or symptoms of anaphylaxis (hypotension, dizziness, bronchospasm) were absent. Cells were removed by centrifugation and the plasma stored 1. Abbreviations used in this paper: BCIP, 5-bromo-4-chloro-3-indoyl phosphate; NBT, nitro blue tetrazolium; rh, recombinant human.
at -700C. The respective median and range of ages (years), and the percentages of males in each group were 39, 16- Median age values were not significantly different between these groups except between those with indolent mastocytosis with cutaneous manifestations alone and those with indolent systemic mastocytosis with moderate (P = 0.002) and severe (P = 0.04) clinical manifestations. Among mastocytosis patients, six of the eight children (< 20 yr old) fell in the category of indolent mastocytosis with only cutaneous involvement. One child had diffuse cutaneous mastocytosis with systemic involvement and another had aggressive mastocytosis. Serum samples collected from 13 control subjects with active, chronic idiopathic urticaria also were examined (two males, 39±14 yr old). Values for healthy subjects and those with systemic anaphylaxis were reported previously (9) . Two subjects with systemic type I mastocytosis and elevated levels of tryptase by the B 12 ELISA were subjected to plasmapheresis after informed consent to obtain quantities of plasma sufficient to permit purification and analysis of tryptase. Calcium was added to form a fibrin clot and the plasmapheresis serum was used as described below.
Expression of recombinant human (rh) tryptase. cDNA constructs containing rha-tryptase (5'-CCAGGATG . . . ATC-3', 1,142 bp) and rh/3-tryptase (5'-CCGTGGCCAGGATG . . . ATC-3', 1,148 bp) sequences, each beginning several nucleotides 5' of the methionine codon for initiation of translation and ending just prior to the poly-A tail, and each having EcoRI restriction sites introduced at 5' and 3' ends, were subcloned into pVL1392 and pVL1393 plasmids, respectively, as described (13a). Cotransfection of 1.5 x 106 Sf-9 cells was performed with 1 sg of linearized wild-type AcMNPV baculovirus DNA and 3
Ag of either pVL1392-a-tryptase cDNA or pVL1393-,3-tryptase cDNA transfer vectors using cationic liposomes as instructed by the manufacturer. Sf-9 cells were maintained at 27°C in Sf-900 II SFM media. After 6 d of incubation at 27°C, the viral supernatants were harvested and viral clones of recombinant baculovirus were purified by three plaque assay screening rounds. The purity of the recombinant virus was confirmed by PCR with recombinant virus primers (5 '-TTTACTGTllllCGTAACAGlTFllG-3' and 5 '-CAACAACGCACAGAATCTAGC-3') as recommended by Invitrogen, and by digestion of the PCR products with BseAI, which cleaves the /3-tryptase, but not the a-tryptase PCRproduct. High titer viral stocks (> 108 plaque-forming units/ml) were produced after three passages in Sf-9 cells infected at low multiplicity of infection (0.1 plaque-forming unit/cell).
Expression of rh-tryptase was performed in 50 ml of Sf-9 cells (5 X 107 cells) grown as adherent cell monolayers in 225 cm2 tissue culture flasks at a multiplicity of infection previously determined to be optimal (5 for rha-tryptase and 2.5 for rh/3-tryptase) ( 13a) . Maximal levels of rh-tryptase in the culture media were typically reached 3 and 4 d after infection, respectively. Harvested culture media was subjected to centrifugation at 400 g for 10 min at room temperature to remove cells and debris and then applied to a mouse IgG antitryptase (B2 mAb) immunoaffinity column as previously described (13a) . B2 recognizes a conformational epitope on the active form of native tryptase, but does not recognize denatured tryptase. Essentially all of the tryptase detectable by the B12 ELISA (9) bound to the column, and was eluted in 10 mM diethanolamine, pH 10.0, containing 0.2 M NaCl and 50% (vol/vol) ethylene glycol at 4°C. Eluted fractions were immediately neutralized with 1 M Mes, pH 6.5. The purity of rh-tryptase was assessed by SDS-PAGE. After staining with Coomassie brilliant blue R-250 two major diffuse bands at apparent molecular weights between 29,000 and 32,000 were detected for each rh-tryptase. A single NH2-terminal amino acid sequence corresponding to amino acids 19-25 was obtained for each, APAPVQA for rha-tryptase, and APAPGQA for rh/3-tryptase. Each rhtryptase was enzymatically inactive with synthetic tryptase substrates (tosyl-Gly-Pro-Lys-p-nitroanilide and tosyl-arginine methyl ester). Pua-Tryptase Is Elevated in Blood of Subjects with Systemic Mastocytosis 2703 rified rh-tryptase was stored frozen at -70'C until used for Western blots or immunoassay experiments.
Immunoassays for tryptase. The mouse mAbs against human tryptase called G5, B 12, G3, and G4, each recognizing a distinct epitope, were prepared and purified as described (8, 9, 13, 14) . Antibodies to be biotinylated (G5, G3, and G4) were dialyzed in PBS, diluted to a concentration of 2 mg/ml with 0.1 M NaHCO3, incubated with a fivefold molar excess of NHS-LC-biotin for -4 h at room temperature, treated with 1/2 vol of 0.1 M Tris, pH 8.0, 0.15 M NaCl, concentrated by ultrafiltration, dialyzed against PBS containing 20% glycerol and 0.05% NaN3, and stored frozen at -70'C. The immunoassay using G5 for capture and 1251I-G4 for detection (8) , and the one using B 12 for capture and biotinylated G4 and G3 for detection (9) were each performed as described. In each case, tryptase purified to homogeneity from human lung and measured by the bicinchoninic acid-modified Lowry assay for protein (15) was used as the tryptase standard. Values below the limit of detection for the G5 immunoassay (1 ng/ml) are shown as 0.5 ng/ml. All values were above the lower limit for the B 12 immunoassay (0.4 ng/ml).
Purification, deglycosylation, and Western blotting of tryptase. Tryptase was purified from plasma obtained by plasmapheresis by immunoaffinity chromatography on B 12-agarose. The resin was incubated with filtered plasma (0.22 pm pore size) overnight at 4°C, and washed five times with 0.01 M Hepes, pH 7.4, containing 0.15 M NaCl, and 0.05% NaN3. Bound tryptase was eluted with 0.01 M Tris, pH 7.6, containing 10 mM EDTA and 1% SDS by heating the mixture at 90°C for 10 min. Eluted material was separated from resin and collected by filtration through a Spin-X filter (0.45 jtm pore size). Eluted tryptase was concentrated by precipitation in ice-cold 10% trichloroacetic acid, washed with acetone, dried, and stored at -20°C. Tryptase from skin and tryptase from lung, where both a-and /3-tryptase mRNAs are expressed (16), were purified as described by immunoaffinity chromatography on B2-affigel (13) . cDNA constructs of rha-and rh/3-tryptase were expressed in a baculovirus system, and the protein products were purified from the cell culture media by B2-agarose chromatography (13a) . Preparations of purified tryptase destined to be deglycosylated were denatured by heating in a boiling water bath for 10 min, brought to room temperature, and incubated overnight with recombinant N-glycosidase F according to the instructions of the manufacturer (Boehringer Mannheim Biochemicals).
Deglycosylated and unaltered preparations of tryptase were concentrated by precipitation in ice-cold 10% trichloroacetic acid, washed with ice-cold acetone, air dried, resuspended in SDS sample buffer (1% SDS, 10 Tryptase levels in blood from subjects with mastocytosis and from controls. Tryptase levels were measured in samples of plasma collected during nonacute periods from patients with mastocytosis having type I, II, or Ill disease, plasma from controls with unrelated diseases (CON), serum from patients with chronic idiopathic urticaria when active lesions were present (URT), and serum from healthy subjects (NL) by the B 12 immunoassay. Box and whisker plots reflect the median (hatch mark within the rectangle), 25th, and 75th percentiles (upper and lower borders ofthe box) and whiskers ( 10th and 90th percentiles). To the right of each box plot individual data points are shown as open circles, except for the NL group, which was published previously (9) . Outliers from the NL group are shown as closed circles. Each data point is the mean of duplicate determinations. A horizontal dashed line at 20 ng/ml reflects the value chosen as the upper limit for controls.
Results
Tryptase levels in systemic mastocytosis. Tryptase levels were measured in plasma obtained from subjects with systemic mastocytosis (categories: I = indolent, II = with associated hematologic disorder, III = aggressive), and from controls with active urticaria that was chronic and idiopathic (URT), unrelated diseases (CON) and good health (NL) using the B12 and G5 immunoassays and compared. As shown in Fig. 1 , when tryptase levels were measured with the B12 immunoassay, all values in the control groups were < 20 ng/ml, whereas 29 of 46 with type I, 5 of 5 with type II, and 4 of 4 with type HI mastocytosis had levels > 20 ng/ml. Each sample in which the tryptase level was < 20 ng/ml with the B12 immunoassay had a level with the G5 immunoassay that was undetectable except in the urticaria group, in which one subject had tryptase values of 5.5 ng/ ml with the B12 immunoassay and 1.9 ng/ml with the G5 immunoassay. Also, G5 levels were undetectable when B 12 levels were > 20 ng/ml in eight of those with type I mastocytosis, one with type II and two with type III. Median levels of tryptase measured with the B 12 immunoassay were significantly higher in type 1 (28 ng/ml), type 11 (141 ng/ml), and type III (170 ng/ml) mastocytosis than in the control groups with unrelated diseases (3.8 ng/ml), urticaria (3.2 ng/ml), and healthy (4.5 ng/ml) subjects (P < 0.002). Although there was a tendency for mastocytosis subjects in category I to have lower tryptase levels than those of categories II and III, comparisons of the median values did not show a statistically significant difference (P > 0.2). Tryptase levels measured with the G5 immunoassay gave substantially lower values than those measured with the B12 immunoassay in mastocytosis subjects and in the control groups. Levels were < 1 ng/ml in 27 of 46 type I, 2 of 5 type II, and 2 of 4 type III mastocytosis subjects. The 56% detection rate with the G5 immunoassay is similar to that reported (10) . Nevertheless, the median levels for mastocytosis groups II (1 ng/ ml) and III (1 ng/ml) were significantly higher than for the control groups (P < 0.05). Thus, although median G5 tryptase values for a group of mastocytosis patients should be higher than those of normal subjects, there is extensive overlap of individual values.
To examine whether the level of tryptase varies with disease severity, those with indolent mastocytosis were subdivided into four groups; those with cutaneous involvement alone, and those with mild, moderate, and severe systemic manifestations based upon the frequency and severity of attacks attributed to release of mast cell mediators. Although preliminary results indicate that tryptase levels can increase in association with signs and symptoms attributed to release of mast cell mediators (data not shown), all mastocytosis samples examined in the current study were collected outside of these attacks. Levels determined with the B 12 immunoassay are displayed in G5 TRYPTASE (nglml) Figure 3 . Comparison of G5 and B12 tryptase levels in blood from subjects with nonacute mastocytosis and those with ongoing systemic anaphylaxis. Samples of plasma from the mastocytosis patients depicted in Fig. 1 (open circles) were compared to serum samples taken from subjects undergoing a hypotensive anaphylactic reaction to an insect sting (reported previously in reference 9) collected 60 min after the onset of the clinical response (closed circles). Log scales were used to enable all data to be discerned. Linear regression (solid lines) and 95% confidence intervals (dashed lines) are shown.
tryptase for the groups with mild, moderate, and severe systemic mastocytosis were not significantly different from one another, irrespective of the immunoassay used. However, the median level for each of these groups was significantly greater than that of the group with cutaneous manifestations alone (P c 0.03).
Median tryptase levels measured with the G5 immunoassay also were greater in the mild and severe systemic groups than the group with cutaneous manifestations alone, although the overlap between the groups was more extensive (data not shown). Of note is that most of the cutaneous group exhibited B 12 tryptase levels < 20 ng/ml, whereas most of those with systemic disease had levels > 20 ng/ml. It appeared from the data in Figs. 1 and 2 that the B 12 immunoassay was more sensitive at detecting an elevated tryptase level than the G5 immunoassay in subjects with mastocytosis. This contrasts with published data on tryptase levels in serum obtained from patients undergoing systemic anaphylactic reactions to insect stings in which the two immunoassays were comparable in sensitivity (9) . To examine this in greater detail, tryptase levels determined by the two immunoassays in plasma from the current nonacute systemic mastocytosis group and in serum from the previously reported systemic anaphylaxis group with hypotension were compared. Published data indicate that tryptase levels in serum are not significantly different from those measured in paired plasma samples (9) . In Fig. 3 Tryptase, immunoaffinity purified from systemic mastocytosis serum, was deglycosylated with N-glycosidase F (SM*) or incubated with buffer alone (SM). These samples (100 ng/lane) were then subjected to SDS PAGE in an 8-cm long Novex 12% polyacrylamide gel, and Western blotted as in A. Higher resolution in B occurred because less protein was loaded per lane and a longer gel was used. Apparent molecular weights of the two SM bands were 35,000 and 32,000, and the two SM* bands were 30,000 and 28,000. mastocytosis group. In terms of tryptase values for an individual subject, during anaphylaxis with hypotension, G5-measured tryptase was 2 1 ng/ml and the ratio of B12-to G5-measured tryptase was < 5 in all except one of the cases. On the other hand, in subjects with systemic mastocytosis, as shown in Fig.  1 and 2 , B 12-measured tryptase was > 20 ng/ml in most cases and G5-measured tryptase was either undetectable or the ratio of B12-to G5-measured tryptase was > 10. Tryptase in nonacute mastocytosis plasma lacks the GS epitope. To examine the mechanism that may account for the differential detection of mastocytosis and anaphylactic tryptase by the B12 and G5 immunoassays, a Western blot of immunoaffinitypurified tryptase from plasmapheresis serum obtained from a patient with systemic mastocytosis was compared to that of tryptase purified from human lung or skin. Two antibodies, G5 and G3, were used for the evaluation. Unlike the B12 mAb, both G5 and G3 detect linear determinants. Furthermore, when G3 is used as a capture antibody with biotin-G4 as detector, values comparable to the B 12 immunoassay are obtained with normal serum (Schwartz, L. B., unpublished data). As shown in Fig. 4 A, characteristic bands of tryptase detected by the G3 mAb are evident between 30,000 and 35,000 D for tryptase derived from the mastocytosis serum as well as from lung, skin, and a solid cutaneous mastocytoma. In contrast, the G5 mAb labeled tryptase that was derived from tissue, but did not label an amount of tryptase from mastocytosis serum that was clearly labeled by the G3 mAb.
Two explanations for the lack of recognition of mastocytosis serum tryptase were considered; the presence of carbohydrate that blocks a G5 epitope, or the absence of the G5 epitope in the primary amino acid sequence. To determine whether carbohydrate could account for the different staining patterns of G5 and G3, purified preparations of tryptase were deglycosylated with N-glycosidase F, and then subjected to Western blotting. As shown in Fig. 4 B, deglycosylated tryptase stained with G3 yielded two bands that exhibited slightly faster electrophoretic mobilities (2,000-7,000 D smaller) and were better resolved than the glycosylated starting material. Incubation with additional N-glycosidase F or with O-glycosidase did not alter this pattern (data not shown). Also, extensive metabolism of tryptase found in serum or plasma was unlikely, because the apparent molecular weight of mastocytosis serum tryptase was comparable to tissue-derived tryptase. However, the ability of G5 to label only tissue-derived tryptase was not altered by deglycosylation (Fig. 4 B) . This result was observed with plasmapheresis samples obtained from two different subjects with systemic mastocytosis, one subject having plasma tryptase levels of 270 ng/ml (B12 assay) and 3.6 ng/ml (G5 assay), and the second having tryptase levels of 133 ng/ml (B 12 assay) and 4.1 ng/ml (G5 assay). Thus, the failure of G5 to recognize mastocytosis serum or plasma tryptase was not due to metabolism or to carbohydrate blocking groups. The capacity for the G5 immunoassay to detect relatively small amounts of tryptase in mastocytosis sera could reflect the presence of small amounts of f3-tryptase, a weak affinity of G5 for a-tryptase, or differences between tryptase that had been denatured and immobilized to tryptase in solution.
The GS and B12 immunoassays differ in their abilities to recognize rha-and rhf-tryptase molecules. (Fig. 5 A) . In contrast, G5 labels 20-200 ng of rhfi-tryptase per lane, whereas rha-tryptase is labeled only at the highest amount (Fig. 5 B) . Densitometric scanning revealed a staining intensity for 200 ng of rha-tryptase to be comparable to that for 20 ng of rh,6-tryptase when using the G5 mAb. Also evident in the blots are the presence of two major bands for each rh-tryptase with apparent molecular weights of 31,000 and 30,000 for rha-tryptase and 31,000 and 29,000 for rh,6-tryptase. This heterogeneity reflects the presence of varying amounts of carbohydrate, because N-glycosidase F treatment results in a single band for each rh-tryptase molecule (13a). Thus, like plasma tryptase from subjects with systemic mastocytosis, the G5 epitope in a-tryptase is markedly attenuated. Fig. 6 shows tryptase dose-response curves for rha-and rh/3-tryptase molecules, standardized with purified lung-derived tryptase, using the B 12 ( Fig. 6 A) and G5 (Fig. 6 B) immunoassays. Because 50 1l of sample are typically added to a microtiter well, the dose-response range corresponds to samples containing from -20 to 400 ng of tryptase/ml. The dose-response curves for rha-tryptase (slope = 1.15) and rh/3-tryptase (1.30) are nearly identical with the B 12 immunoassay, each being similar to that obtained with tissue-derived tryptase; In contrast, the slope of the dose-response curve for rha-tryptase (0.07) with the G5 immunoassay is 10-fold lower than for rhQtryptase (0.72) and tissue-derived tryptase. Thus, it is likely that the G5 immunoassay is markedly compromised in its ability to detect a-tryptase, whereas the B12 assay detects both forms of tryptase equally.
Discussion
a-Tryptase appears to be the predominant form of tryptase in serum or plasma at baseline in both normal subjects and in those with systemic mastocytosis. Like rha-tryptase, tryptase in baseline serum or plasma lacks a high affinity G5 epitope. The low affinity epitope present in rha-tryptase is unlikely to result from incorrect folding of the recombinant protein, because G5 recognizes a linear epitope. Also, both recombinant forms of tryptase exhibit conformational epitopes recognized by the B2, G4, and B 12 mAbs, and a linear epitope recognized by G3. Other possible explanations for this finding, such as blocking carbohydrate or removal of the epitope by degradation, were eliminated by showing that removal of carbohydrate did not restore G5 immunoreactivity and that Western blotting with the G5 antibody showed no detectable reduction in electrophoretic mobility compared to tryptase purified from tissue. In contrast, ,B-tryptase is the predominant form in preparations that have been purified from mast cells in skin and lung, and in the blood during systemic anaphylaxis. This conclusion was substantiated by measuring rha-tryptase and rh,6-tryptase in the G5 and B12 immunoassays using purified human lung-derived tryptase as standard. The results indicated that rh/3-tryptase in both assays and rha-tryptase in the B 12 immunoassay showed identical dose-response profiles to lung tryptase. In the G5 immunoassay, rha-tryptase produced a slope in the dose-response curve -10-fold lower than for lung tryptase. Thus, tryptase levels in normal and mastocytosis serum or plasma are higher with the B12 than G5 immunoassays because the former assay measures both a-and ,B-tryptase, whereas the latter measures primarily ,B-tryptase. In contrast to serum or plasma tryptase in nonacute subjects, in systemic anaphylaxis tryptase levels are markedly elevated by both tryptase immunoassays (9-1 ), suggesting that /3-tryp- (20) . However, neither tryptase mRNA nor tryptase protein have been detected in U937 cells, another monocytic cell line, or in normal monocytes at rest or after activation (20) . Basophils from normal peripheral blood also express predominantly a-tryptase mRNA, although cellular levels are -105-fold lower than in mast cells (16) . Basophilia is not a feature of systemic mastocytosis, and the tryptase protein content of basophils is negligible. Thus, an alternative cell source of a-tryptase to mast cells appears to be unlikely.
Among subjects with the diagnosis of mastocytosis, B 12-measured tryptase levels were markedly elevated in most, but not all subjects, and were at least 10-fold greater than G5-measured tryptase levels. In contrast, when G5-measured tryptase was 2 1 ng/ml, and the ratio of B 12-measured tryptase to G5-measured tryptase was < 5, anaphylaxis associated with mast cell degranulation was the most likely diagnosis. Although samples obtained from mastocytosis patients also experiencing anaphylaxis were not examined in the current study; such subjects would be predicted to have elevated G5-and B 12-measured tryptase levels and a variable ratio of B 12-to G5-measured tryptase depending on the extent of ,3-tryptase released by degranulation and the extent of a-tryptase present at baseline. In patients with chronic idiopathic urticaria, signs and symptoms appear to involve cutaneous mast cell activation, but not mast cell hyperplasia (21) . Consequently, tryptase levels measured with the B 12 immunoassay are not elevated compared to healthy controls; and tryptase levels measured with the G5 immunoassay are not detectable (2 1 ng/ml) in most cases, presumably reflecting the localized nature of mast cell degranulation in this condition. Only 1 of the 13 urticaria patients in the current study exhibited a detectable level of tryptase with the G5 immunoassay (1.9 ng/ml), associated with a level of 5.5 ng/ml with the B12 immunoassay. Thus, a clinical assessment is needed to correctly interpret tryptase levels.
A preliminary analysis of the diagnostic and prognostic value of these measurements in systemic mastocytosis was performed with the data from the current study. B12-measured levels of plasma tryptase were < 20 ng/ml in 17 of 46 subjects with indolent mastocytosis and in 0 of the 9 subjects with systemic mastocytosis associated with a hematologic disorder and aggressive mastocytosis. Thus, even though only nine subjects with category II or III disease were available to be studied, the data suggest that a B12-measured tryptase level < 20 ng/ml indicates category II or III disease is unlikely.
Among those with indolent mastocytosis and a B12-measured tryptase level < 20 ng/ml, 10 subjects were among the 13 diagnosed with only cutaneous involvement; 7 were among the 33 with systemic disease. Only in the patients with cutane- Among the seven subjects with indolent systemic mastocytosis and a B 12-measured tryptase level < 20 ng/ml, one would like to know whether these relatively low levels have prognostic or diagnostic implications. In two of the cases (16 and 18 ng/ml) the bone marrow biopsy was negative, and the diagnosis of systemic disease was based on a positive bone marrow aspirate. One of these two cases also was HIV-positive. Concentrations of mast cells of the MCT type were previously shown to be markedly decreased in biopsies of the small intestine in subjects who died from AIDS (22) . However, the HIV-positive patient in the current study did not have advanced disease (CD4 = 1395). One patient (16 ng/ml) had a bone marrow biopsy in which the cell phenotype was uncertain, but thought to be consistent with increased mast cells. Another patient (11 ng/ ml) had a bone marrow biopsy 5 yr before obtaining plasma for the current study; raising the possibility that mast cell numbers had regressed. Another patient ( 19 ng/ml) had been treated with hydroxyurea for 4 mo, suggesting use of this drug to treat indolent systemic mastocytosis should be studied in additional patients. The one other patient receiving this drug in the current study had taken it for 1 mo, had a B 12-measured tryptase level of 59 ng/ml and was categorized as having systemic mastocytosis with associated hematologic disorder. The two remaining cases with B12-measured tryptase levels < 20 ng/ml (12 and 17 ng/ml) had positive bone marrow biopsies near the time of sample collection, were without other diseases that might affect mast cell numbers, and were not receiving medications that might reduce mast cell numbers.
Patients with systemic mastocytosis associated with hematologic disorder and those with aggressive systemic mastocytosis each had a B 12-measured tryptase level > 20 ng/ml. This may reflect the extensive mast cell hyperplasia found in these subjects. Of further interest is the observation that Kit, the receptor for stem cell factor (also called Steel factor, Kit-ligand, and mast cell growth factor), a major growth factor for human mast cells and other hematopoietic cells, carries a mutation that may result in the tyrosine kinase domain being constitutively active in peripheral blood cells obtained from those patients with systemic mastocytosis associated with a hematologic disorder, but not those with indolent or aggressive mastocytosis (23) . Thus, different pathogenic pathways may account for the mast cell hyperplasia in these different clinical presentations. Whether sequential tryptase levels in individual mastocytosis patients within any of the categories considered in the current study will have prognostic implication or facilitate evaluation of a therapeutic response will need to be assessed in future studies.
In conclusion, a-tryptase appears to be the primary form of human tryptase present in the blood at baseline in both normal subjects and in those with systemic mastocytosis. Consequently, elevated levels of this form of tryptase, which are measurable with the B 12 tryptase immunoassay, are found in most patients diagnosed to have systemic mastocytosis. B 12-measured tryptase may provide a more precise measure of the total body burden of mast cells than tissue biopsies that assess focal involvement. The B 12 assay for a-tryptase and 6-tryptase, particularly when performed in conjunction with the G5 assay for /3-tryptase, is a promising screening test for systemic mastocytosis, and may also provide a means to follow disease progression and response to therapeutic interventions.
